Proc. R. Soc. Med. Volume 61 January 1968 Professor A C Dornhorst (St George's Hospital Medical School, London) The Local Control of Small Vessel Calibre Both chemical and physical factors affect small vessel tone. Vaso-active substances may be liberated from nerve endings, may arrive by the blood stream, or may be produced by nearby metabolizing cells. They may also be released from damaged cells as in anaphylaxis. Vascular muscle is quite sensitive to temperature, and this is an important factor in the skin of the extremities; but the most pervading physical influence is the stretch imposed by the transmural pressure.
Adrenergic sympathetic nerves are distributed to nearly all medium and small vessels, but the density and effectiveness of the innervation is quite variable. Thus their influence on the cerebral vasculature is negligible, while it is large on that of the hands and feet. Nervous control of vessel calibre probably increases distally, but the ultimate arteriolar elements, the precapillary sphincters, appear to be dominated by the local metabolic situation. Even in vessels, such as those to voluntary muscle, where infused catecholamines can cause vasodilatation, adrenergic nerves are probably always constrictor. Vessels to muscles are also supplied by cholinergic vasodilator fibres. Other nerves whose stimulation produces vasodilatation, such as those to salivary and other glands, are thought to influence the vessels mainly indirectly by causing the release of kinins. An anatomical feature which may be relevant to the interaction of nervous and other factors is that the distribution of nerve fibrils is confined to the outer layers of the vascular muscle.
The composition of the blood within them can clearly affect the state of small vessels. Under normal conditions there are significant amounts of catecholamines and angiotensin present, and much larger amounts appear from time to time. Changes in plasma electrolyte content and pH also affect vessel tone, but have not been very extensively studied. Contrary to what is sometimes supposed, most systemic vessels are rather insensitive to moderate changes in blood-gas tensions, though special territories such as the cerebral vasculature react strongly. Nearly all vessels will constrict when exposed to strong concentrations of adrenaline, and thus possess areceptors. Coronary arteries and the arteries to voluntary muscle also possess P-(dilator) receptors. In the coronary arteries both types of receptor are found in the smaller branches, but only a-receptors in the main stems. This may well be the case elsewhere. One puzzling feature is that whereas both coronary and muscle vessels dilate markedly to p-stimulation by adrenaline after ablockade, noradrenaline after a-blockade dilates coronary vessels strongly but muscle vessels very weakly.
Immediately after an adequate sympathectomy, the resting blood flow to a limb, as might be expected, increases severalfold; but within a fortnight it will have returned to about the preoperative level. A plausible explanation would be increased sensitivity, following the denervation, to circulating catecholamines. But in fact supersensitivity is found to be too little, too late and too inconstant to account for the phenomenon, which remains unexplained.
While it is clear that local metabolism has the dominant influence on vascular tonemuscular exercise or ischamia, for example, easily overwhelm the action of vasoconstrictor nerveswe are quite ignorant of the nature of the substances involved. Experiments in which the flow is physically limited show that the time-course of postexercise or post-ischemic dilatation is practically independent of the actual flow. This implies that removal of the vaso-active substances is limited by diffusion rather than by flow. It is uncertain whether post-exercise and post-ischemic hyperemia depend on the same metabolites: their different time-course suggests that they may not. Although post-ischamic hypervmia is a very widespread phenomenon, tissues differ greatly in their responsiveness, and may depend on differing metabolites.
There is a good deal of evidence that vascular smooth muscle responds to stretch by enhanced contractile activitythe myotactic response; but the importance of this in vascular control is uncertain. Two phenomena, which appear mutually contradictory, may be demonstrated in the response of small vessels to changes in transmural pressure. The one, autoregulation, is the stabilization of flow over some range of perfusion pressure. This is most conspicuously exhibited by the kidney, but the brain also shows it, as do some other territories to a lesser extent. The other is the existence of a critical closing pressure, that is, the sudden reduction and cessation of flow while a substantial perfusion pressure is still present. This has been convincingly demonstrated in the forearm. However, in many vascular beds, and in many circumstances, the relation of flow to pressure remains surprisingly linear over quite wide ranges. It is not so far possible to reconcile these various types of behaviour in terms of a general theory of the response of small vessels to stretch.
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There are two aspects of vascular muscle function which should be remembered and which may help to explain some of its baffling behaviour. The first is that each fibre probably contracts and relaxes rhythmically, and that changes in vascular tone are partly, and perhaps largely, the average effects of a change in local ratios of contraction to relaxation time. Rhythmicity in capillary filling is often seen in those regions where the living circulation can be microscopically observed, but most methods of quantitative study of vessels will record only average results. Rhythmic responses can, however, be appreciated by methods of high spatial resolution such as thermal conductivity probes. The other well attested, though little considered, phenomenon is the longitudinal conduction of changes in vascular tone, e.g. up the femoral artery during calf exercise. This appears to be a purely muscular process, independent of nerves. The two phenomena considered together suggest the possibility of pacemaker regions, in vascular muscle each influencing a family of fibres extending some distance along the vessel. This idea is at present quite speculative. The most potent natural influence on the blood flow through voluntary skeletal muscle is exercise of the muscle itself. During a sustained contraction, the circulation through a voluntary muscle may be mechanically restricted by intramuscular pressure, but following activity the blood flow is greatly increased, and if the exercise has been prolonged the flow may take a long time to subside to resting levels. For example, the flow in the calf of the leg is still raised half an hour after trotting for half a mile at 8 5 mph (Halliday 1960). Students at St Mary's have observed a raised blood flow in the calf of the leg twenty-four hours after walking the 52 miles from London to Brighton.
The mechanism of post-exercise hyperemia is still not fully understood, but it is known to be independent of sympathetic innervation, and to be unaffected by anticholinergic substances. It probably comprises a number of local factors, among which may be hypoxia, metabolites, histamine, bradykinin, and potassium ions. The relative importance of such factors may vary with the circumstances.
The stimulus to post-exercise hyperemia is not prolonged if the blood flow to the limb is restricted by applying external counter pressure (Dornhorst & Whelan 1953) or if the blood flow is restricted to the normal resting level by throttling the main artery (Blair, Glover & Roddie 1959) . It is not shortened if the circulation through the muscles is reflexly raised by postural manoeuvres (Dean & Skinner 1960) .
During the reactive hyperxmia which follows a period of arrest of the circulation, the muscle blood flow may rise to high levels, but the flow subsides much more quickly than it does after exercise.
By contrast with local exercise and reactive hyperwmia, the influence of vasomotor nervous control on muscle blood vessels is usually modest.
The vasoconstrictor sympathetic supply is normally in a state of moderate activity. Acute nerve block raises the flow to a level about onequarter to one-third of that following exercise. Vasoconstrictor activity can be effectively inhibited by suitable postural changes, especially by the leg-raised and head-down position (Roddie et al., 1957) . Vasoconstrictor activity is increased in the upright position, and can be excited to a level which effectively arrests the limb circulation by breathing 30% CO2 for a short time (McArdle et al. 1957) , and by the redistribution of blood and physiological hoemorrhage caused by lower body suction (Ardill et al. 1965 ). The vasoconstrictor nerves to inactive muscles also become more active when muscles elsewhere are exercised (Blair et al. 1961) .
Vasodilator cholinergic nerves to voluntary muscles have been demonstrated in animals, and there is some evidence that such nerves are present in man, and that they may become active in fainting (Barcroft & Edholm 1945) and in fright (Blair, Glover, Greenfield & Roddie 1959) and with severe mental arithmetic (Barcroft et al. 1960 ). The evidence is the observation, in these circumstances, of a higher rate of blood flow in a normal limb than in the paired limb which has been acutely nerve blocked or has been atropinized by an infusion of atropine into the brachial artery. The cholinergic vasodilator mechanism is capable of causing a conspicuous increase in blood flow, provided the arterial pressure is sustained, but as far as is known it is reserved for occasional rather than regular use.
